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Abstract

Objective: Liposarcoma is a mesenchymal malignant tumor characterized by adipocyte differentiation
which is divided into four subtypes with different prognosis. Accurate histopathological diagnosis is
essential for precise treatment. Perilipins, including PLIN T, PLIN2, PLIN3, PLIN4, PLINS, is a family of lipid
droplet-associated proteins that participate in lipid metabolism regulation. The role that perilipins play in
sarcomas is not clear. This study aims to assess perilipins expression in subtypes of liposarcoma and
various non-lipomatous sarcomas.

Methods: A large set of 245 soft tissue sarcoma paraffin-embedded samples including 66 liposarcomas
and 179 non-lipomatous sarcomas were collected for tissue microarray and immunohistochemistry to
assess perilipins expression.

Results: PLINT expression was shown in most liposarcomas (41/66) and was absent in non-lipomatous
sarcomas (0/179). PLIN4 expression was shown in some liposarcomas (21/66) and was almost negative in
non-lipomatous sarcomas (2/179). PLIN1 and PLIN4 expressions in liposarcoma were higher (both
P<0.001) than those in non-lipomatous sarcoma. Both PLINT and PLIN4 also had a significant difference
in liposarcoma subtypes (both P<0.001). PLIN2, PLIN3 and PLIN5 were widely expressed in
liposarcomas, = rhabdomyosarcomas, leiomyosarcomas, dermatofibrosarcoma  protuberans,
undifferentiated sarcomas, fibrosarcomas, Ewing’s sarcomas and epithelioid sarcomas. PLIN2, PLIN3 and
PLIN5 expressions were significantly different among non-lipomatous sarcoma (all P<0.01).

Except for PLIN3, the expression of the other four perilipin members in liposarcoma was pairwise
related.

Conclusions: PLINT and PLIN4 can be used as diagnostic markers of liposarcoma and to differentiate
liposarcoma subtypes. The combined application of whole perilipin family immunohistochemistry may
help to distinguish differently differentiated sarcomas.
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Introduction

Liposarcoma is one of the most common limb and retroperitoneal soft tissue sarcomas,
sarcomas in adults, accounting for 24% and 45% [1] of = respectively. It occurs mostly in the lower extremities,
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retroperitoneum, mesentery, and shoulders.
Liposarcoma originates from mesenchymal tissues in
which lipoblasts differentiate into adipocytes. It is
characterized by abnormal lipoblasts with different
degrees of differentiation in tumors, such as primitive
mesenchymal cells, fibroblast-like cells, lipoblasts of
early, middle, and late stages, giant lipoblasts, and
mature adipocytes. In 2013, the World Health
Organization (WHO) classified liposarcoma into
different subtypes, which are atypical liposarcoma
(ALT), well-differentiated liposarcoma (WDL),
dedifferentiated liposarcoma (DL), myxoid/round
cell liposarcoma (ML/RCL), and pleomorphic
liposarcoma (PL) [2, 3]. As they present different
prognoses, histopathological diagnosis is essential,
and immunohistochemistry assists with making the
diagnosis accurate [4].

Recent research has already shown that some
immunohistochemical molecules can be helpful in
diagnosing subtypes of liposarcoma. To name a few,
S-100 can be used to mark lipoblasts in liposarcoma
[5]. Genetic alterations in ALT/WDL and DL include
telomere fusion, ring chromosome, giant marker
chromosome, and MDM2 and CDK4 amplification [6].
In ML, the translocation of chromosome t (12; 16; q13;
P11) leads to the fusion of DDIT3 and FUS, while t
(12;22) causes the fusion of DDIT3 and EWSR1 [7].
Although the diagnosis of liposarcoma benefits from
those variations, they do not have specificity in
liposarcoma [8]. The molecular-targeted therapy of
soft tissue sarcoma has been widely explored [9], and
the discovery of more specific diagnostic
immunohistochemical markers for liposarcoma may
help distinguish subtypes and provide ideas for
targeted therapy.

The perilipin family [10] is a set of structural
proteins embedded in the surface of lipid droplets. It
maintains the stability of lipid droplets and
participates in the regulation of lipid metabolism [11].
Perilipins include perilipin (PLIN1), adipocyte
differentiation related-protein or adipophilin (PLIN2)
[12], 47 kDa tail-interacting protein (PLIN3) - also
known as placental protein 17 or mannose 6
phosphate binding protein 1[13], plasma membrane-
associated protein (PLIN4), and myocardial lipid
droplet protein, oxidative perilipin, or lipid storage
droplet protein 5 (PLINS). These are involved in the
formation and transportation of lipid droplets [14]. In
lipid droplets development, small lipid droplets of
early fat cells are mainly covered with PLIN2 and
PLINS, whereas large lipid droplets of mature fat cells
are mainly covered with PLINI1. In adipocyte
differentiation, the levels of PLIN2 decrease, whereas
the levels of PLIN1 increase [15]. The abnormal
expression of perilipins is associated with the

occurrence and development of various diseases, such
as atherosclerotic disease [16], fatty liver [17],
inflammation [18], sebaceous cancer [19], and
gastrointestinal neoplasm [20]. Recent research also
reported the different expressions of some perilipin
family proteins in some kinds of mesenchymal tumor
and the increase of PLIN1 expression with adipocytic
differentiation of liposarcoma [21, 22]. However, the
role that the whole perilipin family proteins play in
various mesenchymal malignant tumors should be
further investigated. In view of this, the purpose of
our research is to observe the expression of perilipin
family proteins in a large cohort of subtypes of
liposarcoma and various non-lipomatous sarcoma by
immunohistochemistry combined with microarray.
The study also aims to explore the relationship
between  perilipins  expression and clinical
pathological parameters.

Materials and methods

Tissue sample selection

The pathology archives at The First Affiliated
Hospital of Shihezi University School of Medicine
between January 2010 and December 2017 were
searched for a total of 245 cases, and 66 liposarcomas
and 179 non-lipomatous sarcomas were included in
this study. Among the 66 cases of liposarcoma, 14
ALT or WDL cases, 38 ML cases, 3 PL cases, and 11
DL cases were included. Among the 179 cases of
non-lipomatous sarcoma, there were 22
rhabdomyosarcoma cases, 42 leiomyosarcoma cases,
38 dermatofibrosarcoma protuberans cases, 34
undifferentiated sarcoma cases, 18 Ewing’s sarcoma
cases, 18 fibrosarcoma cases, and 8 epithelioid
sarcoma cases. A total of 20 samples of normal
adipose tissue were also identified from the pathology
archives as the control group. The H&E staining of
each tumor type is exhibited in the supplementary
figure (Figure S1). All of the histologic slides were
reviewed and classified by experienced pathologists
through immunohistochemistry and molecular
detection in accordance with the WHO classification
of tumors.

Tissue microarray (TMA) construction

Tissue microarrays (TMAs) were constructed
from paraffin-embedded tissue blocks from selected
eight types of tumors that had sufficient tissue. A
typical morphological area of soft tissue sarcoma was
included in the TMA which included two 1.0mm
cores taken from each tissue block to account for
tumor heterogeneity. TMA blocks were selected by a
trained pathologist. The Minicore instrument and
TMA Designer 2 software were used to design and
create tissue cores.
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Immunohistochemistry (IHC) staining and
assessment

All paraffin-embedded tissue samples were cut
into 4pm thick sections which were dewaxed in
xylene and rehydrated using graded concentrations of
ethanol solutions. After hybridization, antigen
retrieval was performed using a citrate buffer solution
(0.02mol/L; pH 6.0) in an autoclave at 100°C for eight
minutes and cooled at room temperature.
Endogenous peroxidase activity was blocked by
incubating in a 3% peroxide-methanol solution for ten
minutes. Afterwards, the sections were washed with
phosphate-buffered saline (PBS) three times, for five
minutes each time. Immunohistochemistry was
performed on all cases separately, reacting with
anti-plinl antibody (rabbit monoclonal antibody,
1:400 dilution; Cell Signaling, China), anti-plin2
antibody (rabbit polyclonal antibody, 1:600 dilution;
Proteintech, China), anti-plin3 antibody (mouse
monoclonal antibody, 1:50 dilution; Santa Cruz
Biotechnology, USA), anti-plin4 antibody (rabbit
polyclonal antibody, 1:1,000 dilution; Novus
Biologicals, USA), and anti-plin5 antibody (rabbit
polyclonal antibody, 1:1,000 dilution; Novus
Biologicals, USA). Human small intestine tissue
served as positive control. Positivity was determined
based on cytoplasmic or membranous staining for
PLIN2, PLIN4 and PLIN5, membranous staining for
PLIN1, and nuclear or cytoplasmic staining for PLIN3.
The sections were incubated overnight with primary
antibody at 4°C. The residual antibodies were
replaced with PBS and incubated with secondary
antibody (DAKO) for 40minutes. The staining
reaction was intensified with diaminobenzidine
(DAB-Sigma). Slides were washed with water, then
counterstained with hematoxylin, and dehydrated.
Every case was independently scored at 40X
magnification in at least five fields. Considering the
heterogeneity of sarcoma, we obtained the
immunohistochemical score by multiplying the
percentage of tumor positive cells (score of 1: 0-5%,
score of 2: 5.1-50%, score of 3: 50.1-80%, score of 4:
80.1-100%) by the intensity of staining (score of O:
negative, score of 1: weak, score of 2: moderate, score
of 3: intense)[21, 23]. PLIN1 shows membrane
staining, PLIN2, PLIN4 and PLIN5 exhibits
cytoplasmic or membrane staining, and PLIN3 shows
the nuclear or cytoplasmic staining pattern. The
multiplication score indicated that a score of 0 or 1
was considered as negative expression (-), a score of
2-4 was considered as weakly positive expression (+),
and both a score of 5-8 (++) and 9-12 (+++) were
considered as intensively positive expression.

Statistical Analysis

The differential expression of the perilipins in
liposarcoma and non-lipomatous sarcoma and the
relationship between the expression of perilipins and
the clinical pathology parameters were determined
through Chi-square, Fisher’s exact or Kruskal-Wallis
test. Spearman rank correlation analysis was used to
analyze the correlation of perilipin family proteins
expression in liposarcoma. Statistical significance was
defined as *P < 0.05, **P < 0.01, ***P < 0.001.

Results

Perilipins expression in liposarcoma and
normal adipose tissue

In total 66 liposarcoma cases showed different
expression levels of perilipin family proteins. All five
perilipins staining were detected in most liposarcoma
cases (>50%). In 20 normal adipose tissue samples,
PLIN1, PLIN2, PLIN4 and PLIN5 expressed in all
cases (100%), while the expression rate of PLIN3 was
25% (5/20).

The positive rates of PLIN1 (P<0.001), PLIN2
(P=0.033), PLIN4 (P<0.001) and PLINS5 (P=0.033) were
significantly ~decreased, compared with normal
adipose tissues. However, the expression rate of
PLIN3 (P=0.002) was obviously increased in
liposarcoma (Table 1).

Table 1. Immunohistochemical expression of the perilipins in
liposarcoma and normal adipose tissue

liposarcoma normal adipose tissue P

n =66 (%) n =20 (%)
PLIN1 41 (62.12%) 20 (100%) <0.001
PLIN2 53 (80.30%) 20 (100%) 0.033
PLIN3 47 (71.21%) 5 (25.00%) 0.002
PLIN4 21 (31.82%) 20 (100%) <0.001
PLIN5 53 (80.30%) 20 (100%) 0.033

*P <0.05, *P < 0.01, ***P < 0.001.

The different expression of perilipins in various
non-lipomatous sarcoma

PLIN1 was absent from non-lipomatous
sarcomas (0/179), PLIN2 expressed in all
fibrosarcomas (18/18), Ewing’s sarcomas (17/17),
epithelioid sarcomas (8/8), and in most
rhabdomyosarcomas  (17/22), leiomyosarcomas
(31/42), dermatofibrosarcoma protuberans (23/38),
and undifferentiated sarcomas (33/34). PLIN3
expression was seen in all epithelioid sarcomas (8/8),
in most dermatofibrosarcoma protuberans (31/38),
undifferentiated sarcomas (25/34), fibrosarcomas
(16/18), Ewing’s sarcomas (11/17), and in a few
rhabdomyosarcomas (5/22) and leiomyosarcomas
(12/42). PLIN4 expression was negative in
non-lipomatous sarcomas (0/171), except for
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epithelioid sarcomas (2/8). PLIN5 expressed in all
epithelioid sarcomas (8/8), in more than half of
undifferentiated sarcomas (27/34), fibrosarcomas
(15/18), Ewing’s sarcomas (13/17), rhabdomyosar-
comas (14/22) and leiomyosarcomas (24/42), and in
less than half of dermatofibrosarcoma protuberans
(17/38). Kruskal-Wallis test analysis found that the
expressions of PLIN2 (P<0.001), PLIN3 (P<0.001) and
PLIN5 (P = 0.013) had a significant difference in
various non-lipomatous sarcomas, except for
epithelioid sarcomas (Table 2). As to the staining
pattern on the cellular level, PLIN2, PLIN4 and PLINS

PLIN1

RMS

DFSP

Us

EWS

ES

exhibited cytoplasmic or membrane staining, and
PLIN3 showed the nuclear or cytoplasmic staining
pattern (Figure 1).

Differential expression of perilipins in
liposarcoma and non-lipomatous sarcoma

The results showed that the expression levels of
PLIN1 (P<0.001) and PLIN4 (P<0.001) in liposarcoma
were  significantly = higher than those in
non-lipomatous sarcoma. However, the expression of
PLIN2 (P=0.744), PLIN3 (P=0.117), and PLIN5
(P=0.062) showed no significant difference (Table 3).

Figure 1. Perilipins expression in seven non-lipomatous sarcomas. PLINI and PLIN4 were completely lost after immunostaining was performed. PLIN2, PLIN3, and
PLINS showed different positivity levels in the tumor cells. PLIN2 and PLINS exhibited cytoplasmic or membrane staining, and PLIN3 showed nuclear or cytoplasmic positivity.
RMS, rhabdomyosarcoma; LMS, leiomyosarcoma; DFSP, dermatofibrosarcoma protuberans; US, undifferentiated sarcoma; FBS, fibrosarcoma. EWS. Ewing’s sarcoma; ES.

Epithelioid sarcoma
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Table 2. Inmunohistochemical expression of the perilipins in various non-lipomatous sarcomas

RMS LMS DFSP Us FBS EWS ES P
n=22 (%) n=42 (%) n=38 (%) n=34 (%) n=18 (%) n=17 (%) n=8 (%)

PLIN1 1

- 22(100.0) 42(100.0) 38(100.0) 34(100.0) 18(100.0) 17(100.0) 8 (100.0)

+ 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00)

++ 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00)

et 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00)

PLIN2 <0.001

- 5(22.73) 11(26.19) 15(39.47) 1(2.94) 0 (00.00) 0 (00.00) 0(00.00)

+ 15(68.18) 13(30.95) 13(34.21) 15(44.12) 6 (33.33) 16(94.12) 5(62.50)

++ 2(9.09) 15(35.71) 4(10.53) 12(35.29) 10(55.56) 1(5.82) 3(37.50)

+t 0 (00.00) 3(7.14) 6(15.79) 6(17.65) 2(11.11) 0 (00.00) 0 (00.00)

PLIN3 <0.001

- 17(77.27) 30(71.43) 7(18.42) 9(26.47) 2(11.11) 6(35.29) 0(00.00)

+ 5(22.73) 9(21.43) 20(52.63) 10(29.41) 14(77.78) 11(64.71) 0(00.00)

++ 0 (00.00) 1(2.38) 3(7.90) 5(14.71) 2(11.11) 0 (00.00) 1(12.50)

et 0 (00.00) 2(4.76) 8(21.05) 10(29.41) 0 (00.00) 0 (00.00) 7(87.50)

PLIN4 1

- 22(100.0) 42(100.0) 38(100.0) 34(100.0) 18(100.0) 17(100.0) 6(75.00)

+ 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 1(12.50)

++ 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 1(12.50)

+t 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0 (00.00) 0(00.00)

PLIN5 0.013

- 8(36.36) 18(42.86) 21(50.00) 7(20.59) 3(16.67) 4(23.53) 0(00.00)

+ 6(27.27) 17(40.48) 9(21.05) 14(41.18) 10(55.56) 9(52.94) 5(62.50)

++ 3(13.64) 6(14.29) 8(7.90) 5(14.71) 5(27.78) 4(23.53) 3(37.50)

++ 5(22.73) 1(2.38) 0(21.05) 8(23.53) 0 (00.00) 0(00.00) 0(00.00)

*Due to the small sample size of PL may cause bias, we included the remaining six tumors for statistical analysis.
RMS. Rhabdomyosarcoma; LMS. Leiomyosarcoma; DFSP. Dermatofibrosarcoma protuberans; US. Undifferentiated sarcoma; FBS. Fibrosarcoma; EWS. Ewing’s sarcoma; ES.

Epithelioid sarcoma; *P < 0.05, **P < 0.01, ***P < 0.001.

Perilipins expression in different subtypes of
liposarcoma

Looking into four different subtypes among 66
liposarcoma cases, PLIN1 expression was seen in
most WDLs (12/14), MLs (27/38), and in a few PLs
(1/3) and DLs (1/11). The expression of PLIN1
increased with adipocytic  differentiation  of
liposarcoma. PLIN2 expressed in all WDLs (14/14),
PLs (3/3), and in more than half of MLs (30/38) and
DLs (6/11). PLIN3 expression was shown in all PLs
(3/3), and in most DLs (10/11), MLs (25/38), and
WDLs (9/14). PLIN4 expressed in some
well-differentiated liposarcomas, including most
WDLs (11/14), and a few MLs (10/38), but was absent
in DLs (0/11) and PLs (0/3). PLIN5 expression was
seen in 92.86% of WDLs (13/14), 84.21% of MLs
(32/38), 63.64% of DLs (7/11) and 33.33% of PLs
(1/3). PLIN5 expression increased with adipocytic
differentiation of liposarcoma.

The expression rates of PLIN1 (P<0.001), PLIN2
(P=0.034), and PLIN4 (P<0.001) were significantly
different in subtypes of liposarcoma, while the
expression rates of PLIN3 (P=0.25) and PLINS
(P=0.051) were not significantly different (Table 4). As
to the staining pattern, PLIN1 exhibited membrane
staining, PLIN2, PLIN4 and PLIN5 exhibited
cytoplasmic or membrane staining, and PLIN3
showed the nuclear or cytoplasmic staining pattern
(Figure 2).

Correlation of perilipin family proteins
expression in liposarcoma

We investigated the relationship between the
expressions of perilipin members. Spearman’s rank
analysis demonstrated positive correlation between
PLIN1 and PLIN2 (r =0.325, P = 0.008), PLIN1 and
PLIN4 (r =0.580, P = 0.000), PLIN1 and PLIN5 (r
=0.344, P = 0.005), PLIN2 and PLIN4 (r =0.310, P =
0.011), PLIN2 and PLIN5 (r =0.364, P = 0.003), PLIN4
and PLIN5 (r =0.270, P = 0.029) expressions in
liposarcoma, respectively. However, PLIN3 was not
shown to be associated with the other four proteins
(Figure 3).

Perilipins expression and clinical pathological
parameters of liposarcoma

The study included 66 patients with
liposarcoma, comprising 26 males and 40 females. Of
these patients, 53 were of Han ethnicities, and 13
belonged to ethnic minorities (including Uygur and
Kazakh). The average age of patients was 58.65 years.
The youngest patient was 2 years old, and the oldest
was 89 years old. Our results revealed 2 cases of head
and neck, 42 cases of extremities, 16 cases of chest and
abdomen, and 6 cases of other parts.

The patients with liposarcoma were grouped on
the basis of gender, age, ethnicity, tumor location,
size, and tissue type. The expression levels of PLIN1
(P<0.001), PLIN2 (P<0.05), PLIN3 (P<0.05), and PLIN5
(P<0.001) were closely related to the histological type
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of liposarcoma. However, these proteins were not  Table 4. Immunohistochemical expression of the perilipins in
related to the patients’ gender, age, ethnicity, tumor subtypes of liposarcoma

location, or size (P>0.05) (Table 5). WDL/ALT ML DL oL P
n=14 (%)  n=38 (%) n=11 (%) n=3 (%)
PLIN1 <0.001
Table 3. Immunohistochemical expression of the perilipins in - 2(14.29) 11(28.95) 10(90.91) 2(66.67)
liposarcoma and non-lipomatous sarcomas + 1714 7(1842) 1(9.09) 1(33.33)
++ 8 (57.14) 16 (42.11) 0(00.00) 0(00.00)
liposarcoma non-lipomatous sarcomas P +++ 3 (21.43) 4 (10.53) 0(00.00) 0(00.00)
n=66(%) n=179(%) PLIN2 0.034
PLIN1 <0.001 - 0(00.00)  8(21.05) 5(45.46) 0(00.00)
- 25 (37.88) 179 (100.0) + 3(21.43) 12(31.58) 4(36.36) 1(33.33)
+ 10(15.15) 0 (00.00) ++ 6(42.86) 8(21.05) 2(18.18) 2(66.67)
++ 24 (36.36) 0/(00.00) et 535.71)  10(26.32) 0(00.00) 0(00.00)
- 7 (10.61) 0 (00.00) PLIN3 0.25
PLIN2 0.744 - 5(35.71) 13(34.21) 1(9.09) 0(00.00)
- 13(19.70) 32(17.88) + 6(42.86)  15(39.47) 2(18.18) 1(33.33)
+ 21(31.82) 83(46.37) + 321.43)  5(13.16) 4(36.36) 2(66.67)
++ 17(25.76) 47(26.26) et 0(00.00)  5(13.16) 4(36.36) 0(100.0)
+++ 15(22.73) 17(9.50) PLIN4 <0.001
PLIN3 0117 - 3(2143)  28(73.68) 11(100.00) 3(100.0)
- 19(28.79) 71(39.65) + 9(64.29)  4(10.53) 0(00.00) 0(00.00)
+ 24(36.36) 69(38.55) ++ 2(1429)  5(1351) 0(00.00) 0(00.00)
++ 14(21.21) 12(6.70) +++ 0(00.00) 1(2.63) 0(00.00) 0(00.00)
+++ 9(13.64) 27(15.08) PLIN5S 0.051
PLIN4 <0.001 - 1(7.14) 6(15.79) 4(36.36) 2(66.67)
- 45(68.18) 177(98.88) + 1(7.14) 18(47.37) 5(45.46) 1(33.33)
+ 13(19.70) 2(1.12) ++ 7(50.00) 5(13.16) 1(9.09) 0(00.00)
++ 7(10.61) 0(00.00) +++ 5(35.71) 9(23.68) 1(9.09) 0(00.00)
Tt 1(1.52) 0(00.00) WDL: Well-differentiated liposarcoma; ALT: Atypical lipomatous tumor; ML:
PLIN5 0.062 Myxoid liposarcoma; DL: Dedifferentiated liposarcoma; PL: Pleomorphic
- 13(19.70) 57(31.84) liposarcoma. *P < 0.05, **P < 0.01, ***P < 0.001.
+ 25(37.88) 74(41.34)
++ 13(19.70) 34(18.99)
- 15(22.73) 14(7.82)
*P < 0.05, **P < 0.01, **P < 0.001.

Normal adipose tissue LlpOlIl'l

r,yw

PLIN1 %1}
gx,i* Y «Y.u.)\ 7
1 E:u ! ”n*

100um
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Figure 2. Perilipins expression in different subtypes of liposarcoma. Immunohistochemical staining revealed the different expression of five perilipins, PLINI exhibited
strong membrane staining in benign tissues and well-differentiated sarcomas, and it showed different degrees of intensity in different subtypes of liposarcoma. PLIN4 showed faint
membrane or cytoplasmic staining in fairly well-differentiated sarcomas and was absent in PL and DL. PLIN3 showed the nuclear or cytoplasmic staining pattern in high-grade
sarcomas. PLIN2 and PLIN5 widely expressed in different subtypes of liposarcoma. WDL, well-differentiated liposarcoma; ML, myxoid liposarcoma; DL, dedifferentiated
liposarcoma; PL, pleomorphic liposarcoma.
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Figure 3. Correlation analyses revealed strong relationships among the perilipins in liposarcoma except PLIN3. (A) Significant correlation was observed
between the expression of PLINT and PLIN2 in liposarcoma (r = 0.325, P = 0.008). (B) Significant correlation between the expression of PLINI and PLIN5 in liposarcoma (r =
0.344, P = 0.005). (C) Significant correlation was observed between the expression of PLIN1 and PLIN4 in liposarcoma (r = 0.580, P = 0.000). (D) Significant correlation between
the expression of PLIN2 and PLINS in liposarcoma (r = 0.364, P = 0.003). (E) Significant correlation was observed between the expression of PLIN2 and PLIN4 in liposarcoma
(r =0.310, P = 0.011). (F) Significant correlation between the expression of PLIN4 and PLINS in liposarcoma (r = 0.270, P = 0.029). (G, H, | and J) There were no correlations

between PLIN3 and the other four proteins.

. . myoblasts [24-26]. Perilipins are closely related to the
Discussion function of lipid droplets, and their abnormal
Perilipin family proteins are widely expressed in ~ expressions are associated with many diseases,
hepatocytes, skeletal muscle cells, macrophages, especially lipid metabolic diseases. PLIN2 specifically
endothelial ~cells, fibroblasts, adipocytes and expresses in atherosclerotic plaques [27, 28]. Lacking
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PLIN1 can cause hypertrophic cardiomyopathy [29].
High expression of PLIN5 leads to myocardial lipid
accumulation and cardiomyopathy caused by type 1
diabetes [30]. Furthermore, the different expression of
perilipins has become a sensitive indicator of parotid
gland carcinoma [19], early rectal cancer [20], lung
adenocarcinoma [31] and cervical cancer [32].

The difficulty in the diagnosis of liposarcoma is
that it is hard to distinguish tumor cells or fat
vacuoles, similar to adipocyte differentiation from
adipocytes. Fat staining is difficult to apply to paraffin
samples to distinguish fat vacuoles from degenerative
or absorbable fat vacuoles. In lipid droplets formation,
perilipins were not produced at the same time. For
example, PLIN1 forms when mature lipid droplets
begin to form and then gradually increases until it is
coated on the surface of mature lipid droplets at high
levels [33-35]. By contrast, PLIN4 is rich at the initial
stage of small fat droplets and gradually reduces as
small lipid droplets become mature [36, 37].
Interestingly, the expression levels of PLIN1 and
PLIN4 in liposarcoma and non-lipomatous sarcoma
had similar results which showed almost no
expression in non-lipomatous sarcoma. Westhoff CC
et al. have reported differential expression of PLIN1 in
liposarcoma and non-liposarcoma [21], and Straub BK
et al. also found that PLIN4 expression was similar to
PLIN1 in adipocytic tumors [22]. Our study further
confirms this finding in a larger cohort and in more
non-lipomatous sarcoma types. It suggests that PLIN1
and PLIN4 were more important in identifying
liposarcoma and non-lipomatous sarcoma that
contained some specific overlapping diagnostic cells.

The expression of perilipins also varies in each
subtype of liposarcoma. Our study showed that the
differences in the expression levels of PLIN1, PLIN2,

and PLIN4 in various subtypes were statistically
significant (P<0.005). It is worth noting that the
expression of PLIN1 and PLIN4 in various subtypes
of liposarcoma are still similar. A previous study has
shown that PLIN2 was significantly higher in
sebaceous cancer than in other non-adenocarcinoma
tissues of skin tumors and helped distinguish
adenocarcinoma and other tumor tissues in
overlapping tissues [38]. PLIN2 was downregulated
during the differentiation of pre-adipocytes to
adipocytes and was undetected in mature adipocytes
[39]. In our study, we found that the positive
expression rate of PLIN2 in various types of
liposarcomas decreased with the degree of
differentiation, but PLIN2 showed strong positive
expression in three PL cases and the research by
Westhoff CC et al. also showed high PLIN2
expression level in PL [21]. This finding might be
related to the obviously atypical nature of PL and
might contribute to the diagnosis and treatment of PL.
However, it should be verified because of the small
sample size of PL.

Studies have shown the increase of PLIN1
expression with adipocytic differentiation of
liposarcoma[21]. As the dedifferentiation of DL could
occur at any stage of WDL recurrence, the opposite
expression in DL of PLIN1 and PLIN3 confirmed that
PLIN1 expressed in mature LDs, that is,
well-differentiated fat cells, while PLIN3 was mainly
found in small LDs. As LDs matured, PLIN3
gradually decreased. Therefore, PLIN3 was highly
expressed in poorly differentiated DL, whereas the
expression of PLIN1 was low. Therefore, whether the
expression of RNA levels is different can be verified to
determine whether PLIN1 and PLIN3 could be
potential molecular targets of DL.

Table 5. Relationship between Perilipins family protein expression and clinicopathological parameters in patients with liposarcoma

Clinical pathological n PLIN1 ___ PLIN2 PLIN3 ___ PLIN4 ___ PLIN5
parameters
+ P + P + P + P + P
Sex
Male 26 16(61.5) 19(73.1) 12(46.2) ) 15(57.7)
Female 40 15(37.5) P=0.056 20(50.0) P=0.062 11(27.5) P=0.12 P=0.689 14(35.0) P=0.07
Age(y)
>50 45 18(40.0) 23(51.1) 18(40.0) 6(13.3) 18(40.0)
<50 21 13(61.9) P=0.097 9(42.9) P=0.532 13(61.9) P=0.199 3(14.3) P=0.916 10(47.6) P=0.56
Ethnos
Han 53 24(45.3) 26(49.1) 18(34.0) 8(15.1) 22(41.5)
Others 13 7(53.8) P=0.579 6(46.2) P=0.851 5(38.5) P=0.76 1(7.7) P=0.675 6(46.2) P=0.761
Tumor size
>5cm 55 29(52.7) 27(49.1) 19(34.5) 7(12.7) 25(45.5)
<5cm 11 3(27.3) P=0.123 5(45.5) P=0.826 4(36.4) P=0.908 2(18.2) P=0.63 3(27.3) P=0.265
Location
Head and neck 2 2(100.0) 2(100.0) 1(50.0) 0(0.0) 2(100.0)
Limb and trunk 42 22(52.4) 19(45.2) 12(28.6) 5(11.9) 14(33.3)
Posterior abdomen 16 5(31.3) P=0.212 8(50.0) P=0.639 8(50.0) P=0.419 3(18.8) P=0.731 8(50.0) P=0.102
Others 6 2(33.3) 3(50.0) 2(33.3) 1(16.7) 4(66.7)
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PLINS is a blood marker of cervical cancer and
biomarker of cervical developmental disorders and
invasive cancers [32]. Studies have shown that the
growth of cervical cancer cells with knocked-out
PLIN3 was inhibited. PLIN3 expression is related to
the aggregation of triglycerides, and PLIN3 leads to
the reduction of triglyceride aggregation and the
inhibition of LD maturity [40]. Its expression in
liposarcoma is higher than that in normal adipose
tissue and may be related to female hormones and
blood levels [41]. In various types of liposarcoma, the
poorer the differentiation was, the higher the degree
of malignancy and the higher the expression of the
PLINS protein would be, except in ML. Therefore, this
might suggest that we could further verify the
possible relationship between the development of
PLIN3 and ML to determine whether PLIN3 has a
labeling meaning.

Although perilipins expression have been
reported in different mesenchymal tumors[22], there
are fewer tumors involving malignant sarcomas and
no more specific analysis has been performed. We
selected seven typical non-liposarcomas to observe
the expression of perilipins. However, due to the
small sample size of epithelioid sarcomas, we
analyzed the expression of perilipins in the remaining
six sarcomas and found that PLIN2, PLIN3 and PLIN5
showed different and rich expressions in
non-lipomatous sarcomas, especially high-grade
sarcoma. In contrast, the staining of PLIN1 and PLIN4
almost completely disappeared. It also reminds us
that while other molecules are difficult to use to
identify non-lipomatous sarcomas, can we observe
the degree of differentiation by PLIN2, PLIN3 and
PLINS5 staining to help diagnosis. This still needs to be
verified by expanding the sample size.

By analyzing the correlation of perilipin family
proteins expressions in liposarcoma, we found that
apart from PLIN3, the other four proteins' expression
had significant correlations with each other. It can be
noted that this shows some similar results in the
analyses of the various subtypes of liposarcoma,
which suggested an obviously increased expression
rate of PLIN3 in liposarcoma compared with the
normal control group, while the other four proteins'
expression were shown to be significantly reduced in
liposarcoma. This may indicate that PLIN3 might play
a different role with the other four molecules in the
development of liposarcoma. For the study, we have
used both TMAs and the whole tumor slides. Since
heterogeneity is typical for sarcoma, we also
compared the positive rates of the two sample types,
and there is no much impact on the results.

In general, PLIN1 and PLIN4 might be of
potential use as ancillary diagnostic indicators in

liposarcoma. PLIN1 could be suitable for
discriminating differentiated degrees of liposarcoma.
Further work is required in assessing perilipins'
expression at cellular level, and particularly required
to further explore the role of perilipins in the
development of liposarcoma.

Supplementary Material

Supplementary figure.
http:/ /www jcancer.org/v11p4081sl.pdf

Abbreviations

ALT: atypical liposarcoma; WDL: well-differen-
tiated liposarcoma; DL: dedifferentiated liposarcoma;
ML/RCL: myxoid/round cell liposarcoma; PL:
pleomorphic liposarcoma; PLIN1: perilipin; PLIN2:
adipophilin; PLIN3: tail-interacting protein of 47kDa;
PLIN4: plasma membrane associated protein; PLINS:
oxidative PAT, TMA: Tissue microarray; IHC:
Immunohistochemistry; PBS: phosphate-buffered
saline.

Acknowledgements

We thank Lingxie Song, Juan Du, Shutong Du
and Wenwen Cui for their help with the sample
collection. This work was supported by grants from
the National Natural Science Foundation of China
(81660441, 81960485, 81460404, and 81160322).

Author Contributions

C.L. and F.L. contributed to the study concept
and design. Q.Z. P.Z. Y.Z. XW. QL. and Y.W.
performed experiments and/or acquired data. Q.Z.
P.Z. LM. and H.Z. analyzed and interpreted data.
H.D. and ].J. supported material. Q.Z. and P.Z. wrote
the manuscript and conceptualized the framework for
this research. All authors helped edit the manuscript.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Dei Tos AP. Liposarcoma: new entities and evolving concepts. Ann Diagn
Pathol. 2000; 4: 252-66.

2. Zambo I, Vesely K. WHO classification of tumours of soft tissue and bone
2013: the main changes compared to the 3rd edition. Cesk Patol. 2014; 50:
64-70.

3. Coindre J-M. New WHO classification of tumours of soft tissue and bone. Ann
Pathol. 2012; 32: S115-S6.

4. Miura S, Gan JW, Brzostowski ], Parisi MJ, Schultz CJ, Londos C, et al.
Functional conservation for lipid storage droplet association among Perilipin,
ADRP, and TIP47 (PAT)-related proteins in mammals, Drosophila, and
Dictyostelium. The Journal of biological chemistry. 2002; 277: 32253-7.

5. Netto GJ, Epstein JI. Theranostic and prognostic biomarkers: genomic
applications in urological malignancies. Pathology. 2010; 42: 384-94.

6. Wong DD, Low IC, Peverall J, Robbins PD, Spagnolo DV, Nairn R, et al.
MDM2/CDK4 gene amplification in large/deep-seated 'lipomas'": incidence,
predictors and clinical significance. Pathology. 2016; 48: 203-9.

http://lwww.jcancer.org



Journal of Cancer 2020, Vol. 11

4090

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Antonescu CR, Elahi A, Healey JH, Brennan MF, Lui MY, Lewis ], et al.
Monoclonality of multifocal myxoid liposarcoma: confirmation by analysis of
TLS-CHOP or EWS-CHOP rearrangements. Clin Cancer Res. 2000; 6: 2788-93.
Iwasaki H, Ishiguro M, Nishio J, Aoki M, Yokoyama R, Yokoyama K, et al.
Extensive lipoma-like changes of myxoid liposarcoma: morphologic,
immunohistochemical, and molecular cytogenetic analyses. Virchows Arch.
2015; 466: 453-64.

Nagai S, Shimizu C, Umetsu M, Taniguchi S, Endo M, Miyoshi H, et al.
Identification of a functional peroxisome proliferator-activated receptor
responsive element within the murine perilipin gene. Endocrinology. 2004;
145: 2346-56.

Bickel PE, Tansey JT, Welte MA. PAT proteins, an ancient family of lipid
droplet proteins that regulate cellular lipid stores. Biochim Biophys Acta. 2009;
1791: 419-40.

Tauchi-Sato K, Ozeki S, Houjou T, Taguchi R, Fujimoto T. The surface of lipid
droplets is a phospholipid monolayer with a unique Fatty Acid composition. J
Biol Chem. 2002; 277: 44507-12.

Jiang HP, Serrero G. Isolation and characterization of a full-length cDNA
coding for an adipose differentiation-related protein. Proc Natl Acad Sci U S
A.1992; 89: 7856-60.

Bulankina AV, Deggerich A, Wenzel D, Mutenda K, Wittmann JG, Rudolph
MG, et al. TIP47 functions in the biogenesis of lipid droplets. J Cell Biol. 2009;
185: 641-55.

Brasaemle DL. Thematic review series: adipocyte biology. The perilipin family
of structural lipid droplet proteins: stabilization of lipid droplets and control
of lipolysis. J Lipid Res. 2007; 48: 2547-59.

Beller M, Thiel K, Thul PJ, Jackle H. Lipid droplets: a dynamic organelle moves
into focus. FEBS Lett. 2010; 584: 2176-82.

Paul A, Chang BH-J, Li L, Yechoor VK, Chan L. Deficiency of adipose
differentiation-related protein impairs foam cell formation and protects
against atherosclerosis. Circ Res. 2008; 102: 1492-501.

Straub BK, Stoeffel P, Heid H, Zimbelmann R, Schirmacher P. Differential
pattern of lipid droplet-associated proteins and de novo perilipin expression
in hepatocyte steatogenesis. Hepatology (Baltimore, Md). 2008; 47: 1936-46.
Chen FL, Yang ZH, Wang XC, Liu Y, Yang YH, Li LX, et al. Adipophilin affects
the expression of TNF-alpha, MCP-1, and IL-6 in THP-1 macrophages.
Molecular and cellular biochemistry. 2010; 337: 193-9.

Shinozaki A, Nagao T, Endo H, Kato N, Hirokawa M, Mizobuchi K, et al.
Sebaceous epithelial-myoepithelial carcinoma of the salivary gland:
clinicopathologic and immunohistochemical analysis of 6 cases of a new
histologic variant. The American journal of surgical pathology. 2008; 32:
913-23.

Matsubara J, Honda K, Ono M, Sekine S, Tanaka Y, Kobayashi M, et al.
Identification of adipophilin as a potential plasma biomarker for colorectal
cancer using label-free quantitative mass spectrometry and protein
microarray. Cancer epidemiology, biomarkers & prevention : a publication of
the American Association for Cancer Research, cosponsored by the American
Society of Preventive Oncology. 2011; 20: 2195-203.

Westhoff CC, Mrozinski J, Riedel I, Heid HW, Moll R. Perilipin 1 is a highly
specific marker for adipocytic differentiation in sarcomas with intermediate
sensitivity. ] Cancer Res Clin Oncol. 2017; 143: 225-32.

Straub BK, Witzel HR, Pawella LM, Renner M, Eiteneuer E, Hashani M, et al.
Perilipin 1 Expression Differentiates Liposarcoma from Other Types of Soft
Tissue Sarcoma. Am ] Pathol. 2019; 189: 1547-58.

Thunnissen E, Allen TC, Adam J, Aisner DL, Beasley MB, Borczuk AC, et al.
Immunohistochemistry of Pulmonary Biomarkers: A Perspective From
Members of the Pulmonary Pathology Society. Arch Pathol Lab Med. 2018;
142: 408-19.

Kimmel AR, Brasaemle DL, McAndrews-Hill M, Sztalryd C, Londos C.
Adoption of PERILIPIN as a unifying nomenclature for the mammalian
PAT-family of intracellular lipid storage droplet proteins. Journal of lipid
research. 2010; 51: 468-71.

Schultz CJ, Torres E, Londos C, Torday JS. Role of adipocyte
differentiation-related protein in surfactant phospholipid synthesis by type II
cells. American journal of physiology Lung cellular and molecular physiology.
2002; 283: 1.288-96.

Graffmann N, Ring S, Kawala MA, Wruck W, Ncube A, Trompeter HI, et al.
Modeling Nonalcoholic Fatty Liver Disease with Human Pluripotent Stem
Cell-Derived Immature Hepatocyte-Like Cells Reveals Activation of PLIN2
and Confirms Regulatory Functions of Peroxisome Proliferator-Activated
Receptor Alpha. Stem cells and development. 2016; 25: 1119-33.

Son SH, Goo YH, Choi M, Saha PK, Oka K, Chan LC, et al. Enhanced
atheroprotection and lesion remodelling by targeting the foam cell and
increasing plasma cholesterol acceptors. Cardiovascular research. 2016; 109:
294-304.

Larigauderie G, Furman C, Jaye M, Lasselin C, Copin C, Fruchart JC, et al.
Adipophilin enhances lipid accumulation and prevents lipid efflux from
THP-1 macrophages: potential role in atherogenesis. Arteriosclerosis,
thrombosis, and vascular biology. 2004; 24: 504-10.

Liu S, Geng B, Zou L, Wei S, Wang W, Deng ], et al. Development of
hypertrophic cardiomyopathy in perilipin-1 null mice with adipose tissue
dysfunction. Cardiovascular research. 2015; 105: 20-30.

Kuramoto K, Sakai F, Yoshinori N, Nakamura TY, Wakabayashi S, Kojidani T,
et al. Deficiency of a lipid droplet protein, perilipin 5, suppresses myocardial

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

lipid accumulation, thereby preventing type 1 diabetes-induced heart
malfunction. Molecular and cellular biology. 2014; 34: 2721-31.

Zhang XD, Li W, Zhang N, Hou YL, Niu ZQ, Zhong Y], et al. Identification of
adipophilin as a potential diagnostic tumor marker for lung adenocarcinoma.
International journal of clinical and experimental medicine. 2014; 7: 1190-6.
Szigeti A, Minik O, Hocsak E, Pozsgai E, Boronkai A, Farkas R, et al.
Preliminary study of TIP47 as a possible new biomarker of cervical dysplasia
and invasive carcinoma. Anticancer research. 2009; 29: 717-24.

Brasaemle DL. Thematic review series: adipocyte biology. The perilipin family
of structural lipid droplet proteins: stabilization of lipid droplets and control
of lipolysis. Journal of lipid research. 2007; 48: 2547-59.

Brasaemle DL, Subramanian V, Garcia A, Marcinkiewicz A, Rothenberg A.
Perilipin A and the control of triacylglycerol metabolism. Molecular and
cellular biochemistry. 2009; 326: 15-21.

Tansey JT, Huml AM, Vogt R, Davis KE, Jones JM, Fraser KA, et al. Functional
studies on native and mutated forms of perilipins. A role in protein kinase
A-mediated lipolysis of triacylglycerols. The Journal of biological chemistry.
2003; 278: 8401-6.

Scherer PE, Bickel PE, Kotler M, Lodish HF. Cloning of cell-specific secreted
and surface proteins by subtractive antibody screening. Nature biotechnology.
1998; 16: 581-6.

Wolins NE, Skinner JR, Schoenfish MJ, Tzekov A, Bensch KG, Bickel PE.
Adipocyte protein S3-12 coats nascent lipid droplets. The Journal of biological
chemistry. 2003; 278: 37713-21.

Dahlhoff M, Camera E, Picardo M, Zouboulis CC, Chan L, Chang BH, et al.
PLIN2, the major perilipin regulated during sebocyte differentiation, controls
sebaceous lipid accumulation in vitro and sebaceous gland size in vivo.
Biochimica et biophysica acta. 2013; 1830: 4642-9.

Jiang HP, Serrero G. Isolation and characterization of a full-length cDNA
coding for an adipose differentiation-related protein. Proceedings of the
National Academy of Sciences of the United States of America. 1992; 89:
7856-60.

Than GN, Turoczy T, Sumegi B, Than NG, Bellyei S, Bohn H, et al.
Overexpression of placental tissue protein 17b/TIP47 in cervical dysplasias
and cervical carcinoma. Anticancer research. 2001; 21: 639-42.

Chen MJ, Ho HN. Hepatic manifestations of women with polycystic ovary
syndrome. Best practice & research Clinical obstetrics & gynaecology. 2016; 37:
119-28.

http://lwww.jcancer.org



